and phenols (O-based nucleophiles) 3b,d have been reported in the organocatalytic allylic substitutions of MBH acetates. However, to the best of our knowledge, there are no examples stating the use of pyrroles as nucleophiles in the organocatalytic allylic substitutions of MBH acetates, even though pyrroles are important moieties in many natural products, 5 pharmaceuticals, 6 and materials. 7 In this study, we report the first examples of organocatalytic allylic substitutions using pyrroles as nucleophiles for the synthesis of various α-methylene-β-pyrrole esters.
To explore the feasibility of pyrroles as nucleophiles in the organocatalytic allylic substitutions of MBH acetates, the allylic substitutions of MBH acetate 1 with a variety of pyrroles were performed in the presence of PPh 3 and DABCO as representative P-and N-based organocatalysts, respectively ( Table 1) . Neither of these catalysts provided the desired product 1a when added to a THF solution of MBH acetate 1 and pyrrole at ambient temperature (Table 1 , entries 1, 2). It was speculated that the leaving group was not sufficiently basic for the deprotonation of pyrrole as the pronucleophile. Therefore, in order to increase the acidity of pyrrole, electron-withdrawing groups were introduced into the 2-position of pyrrole. When an electron-withdrawing group such as a trichloromethylcarbonyl group or an ethyl ester group was introduced into the 2-position of pyrrole in the presence of PPh 3 or DABCO as the catalyst, respectively, the corresponding substitution products 1a were not obtained (Table 1 , entries 3, 4). Even 2-cyanopyrrole did not undergo allylic substitution with 1 in a THF solution in the presence of PPh 3 (Table 1, entry 5 ). In addition, in the case of PBu 3 as the catalyst, the allylic substitutions gave no desired allylic substitution product (Table 1 , entry 6). On the contrary, when PPh 3 was replaced with DABCO with the other reaction conditions remaining the same, the allylic substitution product 1a was obtained in 34% yield along with the regioisomeric by-product 1b in 23% yield (Table 1 , entry 7). However, under the same reaction conditions, the replacement of THF with toluene did not yield the desired allylic substitution product (Table 1 . entry 8). Hence, it was concluded that DABCO is the appropriate catalyst to be used in the substitution reactions of 1 with pyrroles as the pronucleophiles (Table 1 , entry 5, 6 vs 7). When 2,4-dicyanopyrrole, whose pK a is lower than that of 2-cyanopyrrole, was used as the pronucleophile in the substitution reaction of 1 in the presence of DABCO in THF at ambient temperature, the yield of 1a was marginally increased, i.e., up to 49%, but 1b was still generated in 25% yield ( Under these optimized conditions, we explored the DABCO-catalyzed allylic substitutions of MBH acetates 1-6, which bear aromatic, aliphatic, cyclohexyl, and TBSprotected hydroxymethyl substituents, with 2,4-dicyanopyrrole in toluene at 60 o C ( Table 2 ). The corresponding allylic substitution products, which are α-methylene-β-pyrrole esters, 7-12 were obtained with good regioselectivity, as determined by 1 H NMR analysis, via a tandem S N 2'-S N 2' mechanism in good to excellent yields.
To expand the scope of pyrroles as nucleophiles in the DABCO-catalyzed regioretentive allylic substitutions of MBH acetates, the substitution reactions of the same with a series of pyrroles were explored under the optimized reaction conditions (Table 3 ). Among the pyrroles tested, 2-cyanopyrroles with 4,5-dibromo, 4-acetyl, and 4-phenylacetyl substituents underwent the catalytic allylic substitutions to provide the corresponding substitution products 13-15 as single regioisomers in good to excellent yields. However, under the same reaction conditions, 4-cyano-2-trichloroacetylpyrrole did not yield the desired substitution product 16. Therefore, based on these results of the allylic substitutions using 2-trichloroacetylpyrrole, ethyl pyrrole-2-carboxylate (Table 1 , entries 3, 4), and 4-cyano-2-trichloroacetylpyrrole (Table 3 , 16) as the nucleophile, it was speculated that the cyano group at the 2-position of the pyrroles used plays a crucial role in the substitution reactions.
To control the asymmetric induction of this transformation, (−)-8-phenylmenthol as a chiral auxiliary was used ( Table  4 ). The DABCO-catalyzed allylic substitutions of the (−)-8-phenylmenthol ester 17 with various 4-substituted and 4,5-disubstituted 2-cyanopyrroles afforded the corresponding substitution products 18-21 as single regioisomers in good to excellent yields with a diastereomeric ratio of up to 7:1.
In conclusion, the regioselective allylic substitution of MBH acetates 1-6 with 4-substituted and 4,5-disubstituted 2-cyanopyrroles in the presence of DABCO catalyst afforded a series of α-methylene-β-pyrrole esters as the substitution products in good to excellent yields via a tandem S N 2'-S N 2' substitution mechanism. To the best of our knowledge, till date, pyrroles have never been used as nucleophiles in the organocatalytic allylic substitutions of MBH acetates. Therefore, this is the first example in which the pyrroles are used as nucleophiles in the substitution reactions. In addition, the asymmetric version of these transformations using (−)-8-phenylmenthol ester 17 afforded the corresponding substitution products 18-21 with a diastereomeric ratio of up to 7:1. Table 2 . DABCO-catalyzed allylic substitutions of MBH acetates 1-6 using 2,4-dicyanopyrrole as the nucleophile a a Procedure: To a reaction vessel charged with substrate (0.5 mmol, 100 mol%), NuH (1.0 mmol, 200 mol%), and DABCO (0.1 mmol, 20 mol%) was added toluene (5.0 mL, 0.1 M). The reaction was allowed to stir at 60 o C for 12 h, at which point the reaction mixture was evaporated onto silica gel and the product was isolated by silica gel chromatography. 
Experimental Section
Typical procedure for the allylic substitutions. To a reaction vessel charged with substrate (0.5 mmol, 100 mol%), NuH (1.0 mmol, 200 mol%), and DABCO (0.1 mmol, 20 mol%) was added toluene (5.0 mL, 0.1 M). The reaction was allowed to stir at 60 o C for 12 h, at which point the reaction mixture was evaporated onto silica gel and the product was isolated by silica gel chromatography.
The spectroscopic data of 7-15 and 17-21 are as follows. 
